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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents, 
Washington, DC 2023 1 

Sir: 

Please amend the above-identified application as follows: 

IN THE SPECIFICATION 
Page 1, after the title of the invention, please insert: 

This application is a 371 application of PCT/JPOO/051 13 filed July 28, 2000. 



Please rewrite the paragraph on page 6, lines 13-22 as follows: 

For example, a thermo-responsive polymer having a biotin or iminobiotin site and exhibiting 
a lower critical solution temperature (LCST) or upper critical solution temperature (UCST) in an 
aqueous solution was found. It was found that a polymer obtained by copolymerizing the 
polymerizable biotin derivative of the invention with at least one monomer component selected fi-om 
acrylamide and methacrylamide is a heat sensitive polymer compound ha>dng UCST (upper critical 
solution temperature) in an aqueous solution or physiological saline. 



Please rewrite the paragraph from the last line on page 43 to page 44, line 3 as follows: 

The peaks were similar to the above ones in spite of a change in the charged ratio (molar 
ratio). The homopolymer of bitionol acrylate exhibited peaks at similar sites to the copolymer except 
about one peak at 5 7.5 to 6.5. 

IN THE CLAIMS 

Please amend claims 7, 8 and 12 as follows: 

7. (Amended) The polymer compound according to Claim 4, further comprising a hydrophilic 
or hydrophobic monomer as another copolymer component. 

8. (Amended) The polymer compound according to Claim 4, wherein a biotinated antibody 
is immobilizaed through an avidin immobilized antibody or a binding site of the a^/idin, 

12. (Amended) The polymer compound of Claim 4, wherein an avidin immobilized heat shock 
protein or a biotinated heat shock protein is immobilized through the binding site of avidin. 

Please add new claims 13-29 as follows: 

13. (New) The polymer compound according to Claim 5, further comprising a hydrophilic 
or hydrophobic monomer as another copolymer component. 

14. (New) The polymer compound according to Claim 6, further comprising a hydrophilic 
or hydrophobic monomer as another copolymer component. 

15. (New) The polymer compound according to Claim 5, wherein a biotinated antibody is 
immobilizaed through an avidin immobilized antibody or a binding site of the avidin. 



16. (New) The polymer compound according to Claim 6, wherein a biotinated antibody is 
immobilizaed through an avidin immobilized antibody or a binding site of the avidin, 

17. (New) The polymer compound according to Claim 7, wherein a biotiinated antibody is 
immobilizaed through an avidin immobilized antibody or a binding site of the avidin. 

18. (New) A separating agent comprising a polymer compound of Claim 15. 

19. (New) A separating agent comprising a polymer compound of Claim 16. 

20. (New) A separating agent comprising a polymer compound of Claim 17. 

21. (New) An agent for testing microorganism through separation or concentration of the 
microorganism using a polymer compound of Claim 15. 

22. (New) An agent for testing microorganism through separation or concentration of the 
microorganism using a polymer compound of Claim 16. 

23. (New) An agent for testing microorganism through separation or concentration of the 
microorganism using a polymer compound of Claim 17. 

24. (New) An immobilized enzyme comprising a polymer compound of CMm 15, 

25. (New) An immobilized enzyme comprising a polymer compound of Claim 16. 

26. (New) An immobilized enzyme comprising a polymer compound of Claim 17. 



27. (New) The polymer compound of Claim 5, wherein an avidin immobilized heat shock 
protein or a biotinated heat shock protein is immobilized through the binding site of avidin. 



28. (New) The polymer compound of Claim 6, wherein an avidin immobilized heat shock 
protein or a biotinated heat shock protein is immobilized through the binding site of avidin. 

29. (New) The polymer compound of Claim 7, wherein an avidin immobilized heat shock 
protein or a biotinated heat shock protein is immobilized through the binding site of avidin. 

REMARKS 

The specification has been amended to insert a cross-reference to the international application, 
and to correct inadvertent errors on pages 6 and 43, which are essentially self-exi)lanatory. 

Claims 7, 8 and 12 have been amended to correct their improper multiple dependency, as a 
result of which new claims 13-29 have been added to the application. In addition, the preamble of 
claim 12 has been corrected to be consistent with that of claim 4 on which claim 12 depends. 

Attached hereto is a marked-up version of the changes made to the Specification and claims 
by the current amendment. The attached pages are captioned " Version with markings to show 
changes made. " 
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DESCRIPTION 

JOLYMERIZABLE B IOTIN DERI VATIVES^^IOTIN POLYM ER CO MPOUNDS^ 
AND AVID IN STIMULI-SENSITIVE PQLYiMER COMPOUNDS 

TECHNICAL FIELD 

The present invention provides an excellent technique 

as an immobilizing method of { imino) biotin derivatives 
1=,,^: which has recently enjoyed wide spread adoption. The 

p invention further relates to provision of a functional 

S|K5 

Bl polymer which has an (imino) biotin site immobilized using 

|y the derivative . 

1^ BACKGROUND ART 

fy 

5 ^ technique making use of high biotin-avidin affinity 

■fU (see, for example, ^'Methods Enzymol, 184, 5-13, and 184, 

14-45) has been applied to immunoassays (for example, 
Japanese Patent Laid-Open Nos, Hei 4-363659 and Hei 6- 
160387), biosensors (for example, Japanese Patent Laid-Open 
Nos. Hei 10-282040, Hei 9-292397 and Hei 8-94510), DNA 
operations (for example, Japanese Patent Laid-Open No. Hei 
4-267896), separating materials { for ' example, Japanese 
Patent Laid-Open Nos. Hei 5-340945 and Hei 4-311397), and 
clinical therapies (for example, J. Nucl. Med. Commun . , 12, 
211-234(1991), and Int. J. cancer, 45, 1184-1189(1990)). 
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The above-described various methods need 
immobilization of biotin to a protein (glycoprotein) , 
antibody, enzyme, chromophore, dextran or the like and for 
this purpose, various biotin immobilizing reagents have 
been put on the market (Methods Enzymol., 184, 123-138), 
These reagents serve to immobilize biotin to a biological 
material by reacting them with its reactive functional 
group such as amino group, sulfur group, carboxylic acid or 
alcohol (see, for example, "Molecular Probes Handbook of 
Fluorescent Probes and Research * Chemicals, Chapter 4") . 
Biotin derivatives are employed for such an immobilizing 
reaction (see, for example. Molecular Probes Handbook of 
Fluorescent Probes and Research Chemicals, Chapter 4, p87) . 
Immobilization of biotin to the terminal of polyethylene 
glycol by using these reagents has also been reported 
(Bioconjugate Chem. , 8, 545-551(1997)). 

The above-described immobilization of biotin is 
carried out based on the concept that biotin is immobilized 
by conducting one reaction with one functional group of an 
originally existing substance such as protein (see, for 
example, Japanes'e Patent Laid-Open No. Hei 6-148190] . 

Usefulness of biotin has thus been verified in various 
fields and there is a possibility of its industrial 
application leading to development of products exhibiting a 
new function. The above-described biotin immobilizing 
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reagents are however expensive, which prevents industrial 
use thereof for immobilization of biotin. In addition, 
there is an eager demand for appearance of a heat sensitive 
polymer which aggregates in an aqueous solution or 
physiological saline by a cooling operation and exhibits an 
upper critical solution temperature (UCST) , because its 
application to a separating agent or DDS is expected 
(Macromol. Chem. , Rapid Commun., 13, 577-581(1992)). 

The biotin immobilizing reagents immobilize biotin to 
a reactive functional group as described above so that 
protection of the functional group is sometimes necessary. 
Biotin immobilizing reaction itself is difficult in the 
case of immobilization to a functional group having large 
steric hindrance or immobilization of a biotin skeleton to 
a polymer chain. For example, when biotin is immobilized 
to a protein which is a macro molecule, deficiency of its 
functional groups prevents immobilization of a sufficient 
amount of biotin and in addition, biotin is immobilized 
only to the functional groups existing on the surface of 
the protein. The higher the polymerization degree of a 
polymer, the more difficult it becomes to immobilize biotin 
as desired by the conventional immobilizing method. 

Accordingly, an object of the present invention is to 
synthesize or design a polyf unctional or multifunctional 
biotin-component-containing polymer applicable to various 



fields . 

Another object of the invention is to industrially 
produce the biotin-component-containing polymer and to 
synthesize or design it in excellent economies and 
efficiency. 

A further object of the present invention is to 
provide a heat sensitive polymer which aggregates in an 
aqueous solution by a cooling operation and exhibits an 
1^ upper critical solution temperature (UCST) even in 

g physiological saline; and a heat sensitive polymer which 

^ aggregates in an aqueous solution by a heating operation 

and has a lower critical solution temperature (LCST) in an 
aqueous solution. 



.1^ 



43 DISCLOSURE OF THE INVENTION 

lU It was found that the above-described objects can be 

attained by the use of a polymerizable biotin derivative 
represented by the following formula (I) : 

T 




7 X W 




(i; 



,2 



In formula (I), represents a hydrogen atom or an 
alkyl group. and rV each independently represents a 
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hydrogen atom, an alkyl group or an aryl group. 

T represents an oxygen atom or =NH. 

W represents a single bond, a carbonyl group, a 
thiocarbonyi group or a C1-5 alkylene group. U represents a 
single bond or -NH-. X represents a single bond, a Ci-s 
hydrocarbon bond, an oxygen atom or Y represents a 

single bond, a carbonyl group, a thiocarbonyi group, -NH~, 
a 1, 2-dioxyethylene group or a 1, 2-diaminoethylene group. 
Z represents a single bond, a _ carbonyl group, a 
thiocarbonyi group, a Ci_5 alkylene group, an oxygen atom or 
-NH-- V represents a single bond or a C1-5 alkylene group. 

In the invention, polymerization of the polymerizable 
biotin derivative (which may hereinafter be simply called 
^'biotin monomer") having a biofunction makes it possible to 
industrially and economically synthesize the corresponding 
polymer having (imino) biotin immobilized thereto (the term 
''biotin'' as used herein embraces the meaning of iminobiotin 
unless otherwise specifically indicated by the name of a 
compound) . 

A biotin monomer having biotin immobilized thereto 
has, as a starting material, economies and efficiency 
enabling industrial production. 

The invention method differs from the known biotin 
immobilizing technique such as immobilization of biotin to 



a polymer by reacting its functional group so that even 
copolymerization with a monomer having a functional group 
reactive with a biotin immobilizing reagent makes it 
possible to synthesize the corresponding copolymer having 
biotin immobilized to the copolymer but containing the 
functional group remained unreacted. 

Even in the case where the conventional biotin 
immobilization technique cannot be adopted because the 
functional group is enclosed in a high molecular chain, 
appropriate designing of a polymer makes it possible to 
integrate therein a biotin skeleton as a long polymer chain 
at any ratio. 

For example, a thermo-responsive polymer having a 
biotin or iminobiotin site and exhibiting a lower solution 
critical temperature (LCST) or upper solution critical 
temperature (UCST) in an aqueous solution was found. It 
was found that a polymer obtained by copolymerizing the 
polymerizable biotin derivative of the invention with at 
least one monomer component selected from acrylamide and 
methacrylamide is a heat sensitive polymer compound having 
□CST (upper critical solution temperature) in an aqueous 
solution or physiological saline. 

It was also found that by immobilizing biotin to a 
thermo-responsive polymer having LCST, the thermo- 
responsive polymer acquires markedly high aggregation force 



at the LCST or greater. 

Since these polymers have biotin immobilized thereto, 
various avidin immobilized ligands and, through four 
binding sites of avidin, various biotinylated ligands can 
be immobilized to them readily. The term ^'avidin" as used 
herein embraces the meaning of streptavidin . 

The thermo-responsive polymer derivatives of the 
invention are thermo-responsive to a large aggregation 
force at LCST or greater or at UCST or less in an aqueous 
solution, physiological saline or buffer so that they can 
be used effectively for separation, enzymatic 
immobilization, weighing or control of various substances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a relationship between temperature 
and transmittance upon heating or cooling, wherein UCST 
(copolymer concentration: 10 mg/ml) of an 

acrylamide/biotinol acrylate copolymer (charged ratio: 20) 
in water is indicated. 

FIG. 2 illustrates variations of transmittance (upon 
cooling) of a copolymer which has recognized avidin in 
physiological saline, wherein variations in avidin 
recognition capacity of an acrylamide/biotinol acrylate 
copolymer (charged ratio: 20) in physiological saline 
(copolymer concentration: 6 mg/ml) and UCST are indicated 



/ 



(only transmittance upon cooling) . 

FIG, 3 illustrates variations of LCST (upon cooling) 
of an N-isopropyl acrylamide/biotinol acrylate copolymer by 
the addition of avidin. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is described in detail below. 

In the polymerizable biotin derivative represented by 
formula (I), it is preferred that represents a hydrogen 
atom or a C1-3 alkyl group, and and R^ each represents a 
hydrogen atom, a C1-3 alkyl group or a phenyl group. It is 
particularly preferred that R^ represents a hydrogen atom 
or a methyl group, and R^ and R^ each represents a hydrogen 
atom, a methyl group or a phenyl group. The alkyl or aryl 
group may have a substituent if necessary. 

Specific examples of the binding group represented by 
-V-Z-Y-X-U~W- in formula (I) include those exemplified 
below in Table-1. 



Table-1 



m 



Ex. 


V 


Z 


Y 


X 


U 


W 


(1) 


AlkyI 
group 


Oxygen atom 

Or-lNn- 


Carbonyl or 
thiocarbonyl 
group 


Single bond 


Single 
bond 


Single bond 


(2) 


C^ c AIM 

group 


or-NH- 


Carbonyl or 
thiocarbonyl 
group 


wAyyci 1 aLUiii 

or-NH- 


Oil lyit/ 

bond 


Carbonyl or 
thiocarbonyl 
group 


(3) 


Ci.5 Alkyl 
group 


Single bond 


Carbonyl or 

thiocarbonyl 
group 


1,2-Djoxyethylene 

or 1 ,2-diamino- 
ethylene group 


Single 
bond 


Carbonyl or 

thiocarbonyl 
group 


(4) 


C1.5 Alkyl 
group 


Single bond 


Single bond 


Single bond 


Single 
bond 


Single bond 


(5) 


C1.5 Alkyl 
group 


Single bond 


Single bond 


Oxygen atom 
or-NH- 


Single 
bond 


Single bond 


(6) 


C1.5 Alkyl 
group 


Carbonyl 
group 


-NH- 


C1.8 Hydrocarbon 
bond 


-NH- 


Carbonyl 
group 



More preferred polymerizable biotin derivatives of 
formula (I) include those of the following formulas (la) to 
(Ic) : 



HN 



T 



NH 



H 




H 



-3' V'^^-^""^^ 




(la) 




(lb) 
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T 




(Ic) 



In formulas (la) to (Ic) , R-^ represents a single bond 
or a Ci-4 alkylene group and represents a C2-3 alkylene 
group. 

represents an oxygen or -sulfur atom and to X^ 
each independently represents an oxygen atom or -NH-. 

T, R^, and R^^ each has the same meaning as defined 
in formula (I) . 

In formula (la) , it is preferred that R"^ represents a 
Ci-5 alkylene group, more preferably a C2-4 alkylene group, 
R^ represents a C2-3 alkylene group, R^ preferably 
represents a hydrogen atom or a methyl group, X-^ represents 
an oxygen or sulfur atom, and X^ and X^ each independently 
represents an oxygen atom or -NH-, T represents an oxygen 
atom or =NH, 

In formula (lb) , it is preferred that represents a 
C1-.5 alkylene group, more preferably a C2-4 alkylene group, 
R^ preferably represents a hydrogen atom or a methyl group, 
and R^ and R^ each independently represents a hydrogen 
atom, an alkyl group or an aryl group, more preferably a 



hydrogen atom. X"* preferably represents an oxygen atom or 
T represents an oxygen atom or =NH, 

In formula (Ic) , it is preferred that R"^ represents a 
Ci-5 alkylene group, more preferably, a C2-4 alkylene group, 
preferably represents a hydrogen atom or a methyl group, 
and R"^ and R^ each independently represents a hydrogen 
atom, an alkyl group or an aryl group, more preferably a 
hydrogen atom. preferably represents an oxygen atom or 

-NH-. T represents an oxygen. atom or =NH. 

The polymerizable biotin derivative represented by 
formula (la) can be obtained by converting the side chain 
carboxyl hydroxyl group of biotin or a biotin deriv^itive of 
formula (al) shown below into a proper eliminating group, 
followed by condensation with an acrylic derivative 
represented by formula (a2) shown below. 



T 




(la) 



Its specific process will next be described. 

For example, after reflux of the carboxyl group of 
biotin (i) shown below in thionyl chloride/toluene for 2 
hours, the reaction mixture is subjected to condensation 
reaction with 2-hydroxyethyl acrylate (ii) , whereby 2- 
biotinylethyl acrylate (A) can be obtained. 



1) Reflux for 2 hours 
in SOCb/toluene (1:1) 




m ( i ) ^ ° ( ii ) 



m 




o 

2-Biotinylethyl acrylate (A) 

By reacting (imino) biotin (i' ) with N-(3- 
aminopropyl)methacrylamide hydrochloride (iii) in the 
presence of diphenylphosphonyl azide (DPPA) , triethylamine 
(TEA) and N, N-dimethylf ormamide (DMF) , N-biotinyl-N' - 
(meth) acroyltrimethylene amide (B) or N-imiriobiotinyl-N' - 
(meth) acroyltrimethylene amide (C) can be obtained. 
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{ HCI . H2N 
OH o 

N-(3-aminopropyl)methacrylamide hydrochloride (iii) 



T 

Li 

DPPA/TEA/DMF HN^^H 

"h4— Ah 




O 

N-biotinyl-N -(meth)acroyltrimethylene amide (B) 
N-iminobiotinyl-N -(meth)acroyltrimethylene amide (C) 

(wherein R^^ represents a hydrogen atom or a methyl group) 



The polymerizable biotin derivative represented by 
formula (lb) can be usually obtained by reacting the biotin 



2 derivative of formula (bl) shown below with an appropriate 

PI acrylating agent (b2) (including a methacrylating agent. 

Examples include acrylating agents such as acrylic acid, 
acrylic acid chloride, acrylic anhydride and 
acryloxysuccinimide and methacrylating agents such as 
methacrylic acid, methacrylic acid chloride, methacrylic 
anhydride and methacryloxysuccinimide) . 
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Acrylating agent (b2) 





(b1) ^ 
U 

Z^H 

J In the above formula, the biotin derivative of 

1^ formula (bl) can be obtained by reducing the biotin or 

^ biotin derivative of formula (al) with an appropriate 

2 reducing agent into the corresponding alcohol derivative 

(wherein X'' = an oxygen atom) , converting the hydroxyl 
HI group of the alcohol derivative into a functional group 

having a function of an eliminating group, and then 
subjecting the resulting compound to substitution reaction 
with an amine derivative {wherein == -NH-) , 

This process will next be described more 
specifically. 

For example, as described below, commercially 
available biotin (product of Merck & Co., Inc.) is reduced 
into biotinol (iv) with a reducing agent such as sodium 
borohydride, diisobutyl aluminum hydride, THF borane or 
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ill 
D 



fij 

m 
m 



lithium aluminum hydride (Flaster and Kohn, J, Heterocycl. 
Chem. 18(7), 1425-36 (1981) ) • The resulting biotinol (iv) 
is reacted with an acrylating agent, followed by 
recrystallization, whereby biotinol acrylate (D) can be 
obtained. 




+ Acrylating agent 



Biotinol (iv) 




Biotinol acrylate (D) 

Biotinol methacrylate (E) can be obtained by reacting 
the biotinol (iv) with a methacrylating agent. 

O 



HN NH 
H»4 



+ Methacrylating agent 




Biotinol (iv) 




Biotinol methacrylate (E) 
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As described below, after conversion of the hydroxyl 
group of the biotinol (iv) into a functional group having 
an eliminating function, substitution reaction with an 
amine derivative is effected to obtain biotin amine (V) . 
The biotin amine or salt thereof is then reacted with an 
acrylating agent in the presence of a condensing agent 
(such as diethylphosphoric acid cyanide or 
diphenylphosphoric acid azide), whereby biotinamine 
acrylamide (F) can be obtained.' 



0 




+ Acrylating agent 



Biotinamine (V) 

0 




Biotinamine acrylamide (F) 

Similarly, biotinamine (v) or salt thereof is reacted 
with a methacrylating agent in the presence of a condensing 
agent (such as diethylphosphoric acid cyanide or 
diphenylphosphoric acid azide) , whereby biotinamine 
methacrylamide (G) can be obtained. 




+ Metfiacrylating agent 



Biotinamine (v) 




Biotinamine methacrylamide (G) 



■pa 



id 



|s!5s 

fU 



As described below, norbiotinamine (vi) or salt 

thereof is reacted with an acryiating agent in the presence 
of a condensing agent (such as diethylphosphoric acid 
cyanide or diphenylphosphoric acid azide) , whereby 
norbiotinamine acrylamide (H) can be obtained. 



0 

u 

HN^NH 



+ Acryiating agent 



Norbiotinamine (vi) 




Norbiotinamine acrylamide (H) 



- 17 - 



In a similar manner to that described above, 
norbiotinamine (vi) or salt thereof is reacted with 
methacrylic acid in the presence of a condensing agent 
(such as diethylphosphoric acid cyanide or 
diphenylphosphoric acid azide) , whereby norbiotinamine 
methacrylamide (J) can be obtained. 



O 




S Norbiotinamine methacrylamide (J) 

m 

The polymerizable biotin derivative represented by 
formula (Ic) can be obtained by reacting a biotin 
derivative represented by formula (cl) shown below with an 
isocyanate compound represented by formula (c2) in an 
aprotic solvent such as TMF, DMSO, ether, DMF, 
dichloromethane, chloroform, ethyl acetate, acetone, 
aliphatic hydrocarbon, benzene or toluene. 
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/ Solvent 



H '2 



(Ic) 

Described specifically, for example, biotinol 

methacryloyl carbamate (K) can be obtained by reacting 
biotinol (iv) with methacroyl isocyanate (vii) in a solvent 
such as methylene chloride. 



HN 



O 




o 



N 



S' 

Biotinol (iv) 



O 



Methacroyl isocyanate (vii) 



/CH2CI2 



O 

HN'^NH 



o o 

Biotinol methacroyl carbamate (K) 

By polymerizing the novel polymerizable biotin 



m 



derivatives (biotin monomers) of the invention thus 
obtained alone or together with a monomer copolymerizable 
therewith in a conventional manner in the presence of an 
appropriate radical polymerization initiator, for example, 
in a solvent in which they are soluble, biotin-component- 
containing polymer derivatives (which may hereinafter be 
simply called "biotin polymers") can be obtained. This 
makes it possible to industrially and readily produce 
highly useful polymer compounds having biotin immobilized 
thereto. The term ^''biotin component" as used herein means 
a portion having a high affinity with avidin (including 
streptavidin) , more specifically, a component (biotin 
component or iminobiotin component) represented by formula 
(II) shown below. 




(II) 

T:=0 or=NH 

S 

Biotin component 

In the invention, copolymerization with any another 
monomer component enables the synthesis or designing of a 
biotin polymer equipped with a function of this monomer 
component. This leads to synthesis of a polyf unctional or 
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multifunctional polymer. Thus, polymerization with this 
biotin monomer makes it possible to produce a biotin 
polymer which can utilize usefulness of a biotin monomer 
while making use of the properties of the polymer itself, 
thus having synergistic effects. 

No particular limitation is imposed on the component 
copolymerizable with the polymerizable biotin derivatives 
insofar as it is polymerizable. As the component, vinyl, 
vinylidene, butadiene and the, like polymerizable monomers 
are usable. Specific examples include acrylamide, 
methacrylamide, styrene, N-alkyl acrylamide, methyl 
acrylate, vinyl acetate, methacrylonitrile methyl 
methacrylate and isoprene. There is no particular 
limitation imposed on the copolymerization ratio and these 
monomers may be copolymerized at any ratio according to the 
need. 

After reaction, the polymer derivatives are preferably 
purified in a usual manner. The purification can be 
carried out by, for example, pouring them in an alcohol 
solvent to cause precipitation. 

Specific designing examples and application examples 
of the biotin polymer of the present invention will next be 
described. 

For example, gelation of the polymer of the invention 



by using a crosslinking material facilitates designing or 
synthesis of a gel having biotin immobilized even inside of 
the gel. This also facilitates coating to a magnetic 
material or use as a separating material. 

Molecular designing of a polymer having novel 
peculiarity can be attained by copolymerizing the biotin 
monomer with another monomer while considering the 
peculiarity of the biotin monomer. 

For example^ PNIPAM (poly-N-alkylacrylamide) is a 
known polymer (J. Macromol. Sci:- Chem. ^ A2, 1441 (1968)) 
exhibiting LCST (lower critical solution temperature) . The 
copolymer obtained from N-isopropylacrylamide and the 
biotin monomer can acquire a molecule recognizing capacity 
without losing LCST characteristics. 

Polymers having LCST (lower critical solution 
temperature) aggregate in the higher temperature side than 
the phase transition temperature and dissolves in the lower 
temperature side. They have therefore found widespread 
utility in various separating agents, medicament release 
control, artificial muscle, sensor, actuator, carrier for 
cell cultivation and the like. 

No particular limitation is imposed on the monomer 
component usable in the invention for a polymer exhibiting 
LCST in an aqueous solution. Specific examples include 
poly (meth) acrylamide derivatives such as poly (N-methyl 
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(meth) acrylamide) , poly (N-ethyl (meth) acrylamide) , poly (1SI~ 
propyl (meth) acrylamide) , poly {N-isopropyl 

(meth) acrylamide) , poly (N-butyl (meth) acrylamide) , polyl (N- 
acryloyl pyrrolidone) , poly (N-acryloyl morpholine) ^ 
poly (N, N-dimethyl (meth) acrylamide) and poly (N, N-diethyl 

(meth) acrylamide) , poly-N-vinylamide derivatives such as N- 
vinylacetamide, N-vinylbutylamide and N-vinylisobutylamide, 
polyvinyl acetate partial hydrolyzate derivatives, methyl 
cellulose derivatives and alkyl vinyl ether derivatives 
such as poly (methyl vinyl ether*) and poly (ethyl vinyl 
ether) . 

It was found that polymers obtained by 
copolymerization of acrylamide or methacrylamide with the 
biotin monomer of the invention exhibits UCST (upper 
critical solution temperature) characteristics in each of 
an aqueous solution and physiological saline. 

The polymer derivatives having UCST (each of which may 
hereinafter be called ^^UCST polymer" simply) are prejferably 
those obtained by charging the acrylamide or methacrylamide 
and the biotin monomer of the invention at a ratio (molar 
ratio) ranging from 3 to 30. The UCST can be measured by 
dissolving the resulting polymer in water or saline, 
pouring the solution in a quartz cell, exposing its light 
channel to a light from a light source of 500 nm and 
studying the relation between the transmittance and 



temperature . 

Fields to which these UCST polymers can be applied as 
a temperature-stimuli-sensitive polymer are presumed to be 
similar to the above-described ones. Different from LCST 
polymers, however, they dissolve on the high temperature 
side and aggregate on the low temperature side. There is 
accordingly a possibility of the development of materials 
which can be applied to the fields different from the 
above-described ones of the LCST polymers and they are 
therefore expected as a product-attractive as a stimuli- 
sensitive material. 

Particularly in a carrier for cell culture on a film 
containing an UCST polymer which aggregates on a low 
temperature side, the cultured cells on the carrier covered 
with the UCST polymer can be separated from the carrier at 
a low temperature {Tissue Culture, 17(9), 349-353(1990)), 
The polymer bonded to a medicament, both existing in a 
solution on a high temperature side, forms an aggregated 
polymer under a low temperature environment, whereby the 
medicament is enclosed inside of the polymer. In short, 
medicament release control is conducted {'"Macromolecules, 
27, 947-952 (1994) . 

In the invention, a hydrophilic or hydrophobic monomer 
can be incorporated in the polymer compound as a copolymer 
component. This makes it possible to change the LCST or 
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UCST in an aqueous solution. The term ^'hydrophilic/' or 
^'hydrophobic" as used herein means hydrophilic or 

hydrophobic to a monomer to be a main component of the 
polymer. 

Although the kind of the hydrophilic or hydrophobic 
monomer depends on the relation with the monomer to be a 
main component as described above and examples of it cannot 
be given in a wholesale manner, specific examples of the 
hydrophilic monomer include acrylic acid, methacrylic acid, 
acrylamide and methacrylamide, while those of the 
hydrophobic monomer include acrylates, methacrylates, vinyl 
chloride, vinylidene chloride and styrene. 

No particular limitation is imposed on the molecular 
weight of the polymer compound of the invention. The 
properties such as UCST or LOST of the polymer compound do 
not depend much on the molecular weight. Practically, the 
weight-average molecular weight is about 500 to 1,000,000, 
more preferably about 1,000 to 100,000. 

When used as a separating agent, the polymer compound 
preferably has UCST or LCST of 0 to SO'^C, especially 0 to 
40"C. 

In the invention, the narrower the range of LCST or 
UCST (switching range), the better. According to the 
invention, thermo-responsive polymers having LCST or UCST 
within a practical switching range of S^'C or less can be 



obtained. 

The biotin monomer of the invention is useful as a 

polyraer material having a biofunction and it has widespread 
utility (see, for example, ''Chemical Sensors, 12(1), 8- 
11(1996)''). This is because biotin itself is a 
biof unctional material capable of recognizing a plurality 
of substances, more specifically, capable of not only 
recognizing the molecule of avidin but also binding to a 
protein such as collagen. In, addition, it can be applied 
to wide fields such as af f inity chromatography making use 
of a sandwich structure having avidin interposed therein 
and immunochemistry making use of the capacity of 
recognizing many antibodies. 

Since the thermo-responsive polymer of the invention 
has (imino) biotin immobilized thereto, a ligand can be 
immobilized by using avidin-biotin affinity without 
formation of a covalent bond. 

Alternatively, since avidin has four sites that 
recognizes biotin, one of the binding sites of avidin is 
used for the biotin-immobilized thermo-responsive polymer, 
while the remaining three biotin binding sites are usable 
for immobilization of any biotinylated antibody, 
biotinylated enzyme, biotinylated heat shock protein and 
the like. 

By adjusting an avidin immobilized ligand in advance. 



it can be immobilized directly to a biotin immobilized 
thermo-responsive polymer. 

Use of a monoclonal or polyclonal antibody for an 
immobilized ligand facilitates separation or concentration 
of microorganisms in an aqueous solution. Described 
specifically, after an avidinated or biotinylated 
monoclonal or polyclonal antibody for a specific 
microorganism is bound to the heat sensitive polymer of the 
invention, the resulting polymer is brought into sufficient 
contact with the microorganism in a solution. The solution 
is heated to cause aggregation of both the microorganism 
and thermo-responsive polymer, whereby the microorganism 
can be collected easily by decantation. For example, by 
binding biotinylated Salmonella bacteria to the thermo- 
responsive polymer, only Salmonella bacteria in a food 
suspension can be concentrated and separated easily. Thus, 
combination of the polymer with a proper antibody and a 
detection reagent can be applied to a microorganism 
detection kit. or diagnostic product and the kit or product 
thus obtained has much improved sensitivity compared with 
the conventional one. 

The thermo-responsive polymer of the invention bound 
to a biotinylated base pair of any nucleic acid is usable 
for purification, concentration or detection of a specific 
gene. 
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The target substance bound or adsorbed to the stimuli- 
sensitive material of the invention can easily be eluted by 
(1) an increase in the concentration of a salt, (2) a pH 
change (to acid or alkali) , (3) addition of an inhibitor, 
substrate or the like, (4) addition of a modifier such as 
urea or SDS, (5) addition of an organic solvent, a metal 
ion or the like, or (6) a temperature change. 

More specifically, the thermo-responsive type 
separating material of the invention can be used 
effectively for test agents of bacteria or residual 
pesticides, application to diagnostic products, separation 
of bioproducts such as microorganisms or cultured cells, 
activation and maintenance of a bio-reactive function by 
immobilization of an enzyme or molecular chaperone. 

The biotin monomer of the invention having biotin 
immobilized thereon is sufficiently economical and 
efficient that enables industrial application. 



EXAMPLES 

The present invention will be described in greater 
detail below, but the invention should not be construed as 
being limited thereto. 



EXAMPLE 1 

Synthesis of 2-biQtinylethyl acrylate (Compound A) 
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At room temperature, 500 mg of biotin (Compound i, 
product of Merck & Co., Inc. ) ^ 200 mg of 2-hydroxyethyl 
acrylate, 20 ml of thionyl chloride and 20 ml of toluene 
were mixed. The resulting mixture was refluxed for 2 
hours. The solvent was then distilled off under reduced 
pressure. The residue was subjected to column 
chromatography by using a chlorof orm-methanol solvent 
mixture. By removal of the solvent, 100 mg of 2- 
biotinylethyl acrylate (Compound A) was obtained as a 
powdery substance (yield: 14%) . 

NMR analysis clearly indicated the existence of the 
target compound A (in DMSO) . 

NH and acrylic group bonding H:5H, 5 5.8-6, 6a, 3a, 
OCH2:6H, multi, 6 4.1-4.3, 6a:lH, multi, 5 3.1, 6P:1H, d, 6 
2.8, CH2:8H, S 1-1.6. 

EXAMPLE 2 

Synthesis of N-biotinyl~N' -methacroyltrimethylene amide 
(Compound B) 

In 300 ml of N, N~dimethylf ormamide (DMF) were 
dissolved 18 g of N- (3-aminopropyl) methacrylamide 
hydrochloride (Compound iii) , 24 g of biotin and 30 g of 
triethylamine, followed by cooling to O^'C, To the reaction 
mixture, a solution obtained by dissolving 28 g of 
diphenylphosphoryl azide in 50 ml of DMF was added dropwise 



over 1 hour. After completion of the dropwise addition, 
stirring was conducted at 0*^0 for 3 hours and then at room 
temperature for 12 hours. After completion of the 
reaction, the solvent was distilled off and the residue was 
subjected to column chromatography by using a chloroform- 
methanol mixture as a developing solvent. As a result, 22 
g of N-biotinyl-N' -methacroyltrimethylene amide (Compound 
B) was obtained as the target compound in the form of a 
white powder (yield: 59%) . 
M NMR analysis clearly indicated the existence of the 

target compound B (in DMSO) . 

C0NH:2H, br.s, 5 7.9, NH, NH:2H, d, 6 6.4, H2, H3:2H, s, 5 
5.6, 5 5.3, 3a, 6a:2H, br.d, 6 4.2, CH2:4.H, s, 6 3.0, 
6a, 6(5: 2H, multi, 5 2.8, 4H:1H, multi, 6 2.6, COCH2:2H, 
br.s, 5 2.1, CH2:3H, 5 1.8, CH2:8H, 5 1.2-1.5. 



hi 
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EXAMPLE 3 

Synthesis of N-iminobiotinyl-N^ -methacroyltrimethyletne 
amide (Compound C) 

In a similar manner to Example 2 except for the use of 
18 g of N- (3-aminopropyl)methacrylamide hydrobromide 
instead of 18 g of the N- (3-aminopropyl)methacrylamide 
hydrochloride obtained in Example 2 and 24 g of iminobiotin 
instead of 24 g of biotin, 15 g of hydrobromide of N- 
iminobiotinyl-N' -methacroyltrimethylene amide (Compound C) 
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was obtained (yield: 42%) . 

NMR analysis clearly indicated the existence of the 
hydrobromide of the target compound C (in DMSO) • 
NH, NH:2H, d, 5 8,0-8.2, C0NH:2H, br.s, 5 7.9, =NH-HBr:2H, 
s, 5 7.5, H2, H3:2H, s, 6 5.6, 8 5.3, 3a, 6a:2H, br.d, 5 
4.2, CH2:4H, s, 5 3.0, 6a,6P:2H, multi, 5 2.8, 4H:1H, 
multi, 8 2.6, COCH2:2H, br.s, 8 2.1, CH3:3H, 8 1.8, CH2:8H, 
8 1.2-1.5. 

EXAMPLE 4 

Synthesis of biotinol acrylate (Compound D) 
4-1) Synthesis of biotinol (Compound iv) from biotin 
(Compound i) : 

Lithium aluminum hydride (1.96 g, 51.64 mmol) was 

If! 

■Jf^ added to 250 ml of dehydrated ether in portions, followed 

by stirring. A hot solution obtained by dissolving 1.96 g 
(8.02 mmol) of biotin (Compound i) in 50 ml of pyridine was 
added dropwise to the reaction mixture and they were 
stirred at room temperature for 30 minutes. After reflux 
for 30 minutes, the reaction was terminated. Excessive 
lithium aluminum hydride was crushed by water or the like. 
Pyridine was removed under reduced pressure. To the 
residue was added 6N hydrochloric acid to adjust its pH to 
approximately 2. The mixture was extracted with 
chloroform. Distillation of the solvent yielded a white 
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powder. The white powder was recrystallized from methanol, 
whereby 1,6 mg of biotinol (Compound iv) was obtained 
(yield: 85%} . 

4-2) Synthesis of biotinol acrylate (Compound D) by the 
reaction of biotinol (Compound iv) with an acrylating 
agent : 

Reaction scheme 1 




Biotinol acrylate (D) 

After mixing 230 mg (1 mmol) of biotinol (Compound 
iv) , 273 mg (3 mmol) of triethylamine, 252 mg (2 mmol) of 
acrylic anhydride, 12.9 mg (0-1 mmol) of 

dimethylaminopyridine and 5 ml of dichloromethane at room 
temperature, the mixture was refluxed. The reaction 
mixture was then washed with a saturated aqueous solution 
of NaHCOa and saturated saline and water. After completion 
of the reaction, the reaction mixture was extracted with a 
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solvent, followed by column chromatography using a 
chloroform-methanol mixture as a developing solvent, 
whereby 170 mg of biotinol acrylate (Compound D) was 
obtained as white powder (yield: 59%, the yield of biotinol 
acrylate from biotin methyl ester was about 50%) . 

Results of NMR analysis and mass spectrometry (MS) 
clearly indicated the existence of the target compound D, 
NMR (in CDCI3) H1,H2,H3: 8 6.4 - 6 6.1, H3:1H, d, 8 5.9, 
NH:1H, s, 8 5.6, 8 5.1, 6a:lH,_ multi, 8 4.5, 3a:lH, tri, 8 
4.3, OCH2:2H, tri, 8 4.1, H4 : IH,-- multi, 8 3.1, 6a: IH, 
quart, 8 2.9, 6p:lH, d, 8 2.6, CH2:8H, 8 1-1.6. 
MS mass=285 

EXAMPLE 5 

Synthesis of biotinol methacrylate (Compound E) 

After mixing 550 mg (2.3 mmol) of biotinol (Compound 
iv) obtained in Example 4, 1.4 g (7 mmol) of triethylamine 

(EtsN) , 1.6 g (4.6 mmol) of methacrylic anhydride, 60 mg of 
dimethylaminopyridine and 4 ml of dichloromethane 

(solvent), the mixture was refluxed. The reaction mixture 
was then washed with a saturated aqueous solution of 
NaHCOs. After completion of the reaction, the reaction 
mixture was extracted with chloroform, followed by column 
chromatography by using a chloroform-methanol solvent 
mixture, whereby 630 mg of biotinol methacrylate (Compound 



5 



E) was obtained as white powder (yield: 40%) . 

The results of NMR analysis and mass spectrometry (MS) 
clearly indicated the existence of the target compound E. 
NMR (in DMSO) NH:1H, s, 5 6.4, NH:1H, s, 6 6.3, H2, H3:1H, 
s, 8 6.0-5.6, 6a: IH, multl, 5 4.3, 3a, OCH2:3H, multi, 5 
4.1, 6a:lH, quart, 6 3.1, 6P:1H, d, 8 2.8, CHacSH, s, 5 
1,9, CH2:8H, 8 1-1.6. 
MS mass=300 

EXAMPLE 6 

Synthesis of biotinamine acrylamide (Compound F) 

Reaction scheme 2 




CH3 

In pyridine 

S h4-(-H + II J Bi-OTs 

( \ /X /\ OH rc, 15 hours 

(viii) 



fy Biotinol (iv) 



SO2CI 





In DMF 

Bi-OTs + 11 I NK ^ 

60°C, 20 hours 

,0 

H2NNH2, H2O, inMeOH 

^ BiNHo 

40''C, 20 hours 

(x) 

6-1) Synthesis of biotinol tosylate (Compound viii) : 

At CC, 1 g (4.3 mmol) of biotinol (Compound iv) 
obtained in Example 2 was added to a 25 ml dry pyridine 



- 34 - 



solution having 24 00 mg (12,6 mmol) of p-toluenesulf onyl 
chloride mixed therein. The resulting mixture was then 
allowed to stand at Q^C for 15 hours. After reaction, the 
reaction mixture was poured into water ^ followed by 
extraction with dichloromethane . The solvent was removed, 
whereby 900 mg of biotinol tosylate (Compound viii) was 
obtained (yield: 54%) . 

6-2) Synthesis of a biotin phthalimide derivative (Compound 
ix) : 

In 14 ml of dehydrated dimethyl formamide (DMF) was 
dissolved 900 mg (2,3 mmol) of the biotinol tosylate 
(Compound viii) obtained above. To the resulting solution 
was added 481 mg (2.6 mmol) of phthalimide potassium salt 
and the mixture was heated at 60 °C for 20 hours. After 
completion of the reaction, water was poured to precipitate 
the phthalimide derivative. The derivative was collected 
by filtration and dried, whereby 570 mg of a biotin 
phthalimide derivative (Compound ix) was obtained (yield; 
68%) . 

6-3) Synthesis of biotinamine (Compound x) : 

Hydrazine monohydrate (626 mg) was added to methanol 
in portions (to give a 0 . 5M MeOH solution), followed by 
further addition of 570 mg of the biotin phthalimide 
derivative (Compound ix) obtained above. In a nitrogen 
atmosphere, the mixture was reacted at 40 "^C for 20 hours. 



whereby 411 mg of unpurified biotinamine (BiNH2) (Compound 

x) was obtained (yield: approximately 100%) . 

6-4) Synthesis of biotinamine acrylamide (Compound F) : 

In 4 ml of dimethyl formamide (DMF; solvent) were 
dissolved 133 mg (0.5 ramol) of biotinamine hydrochloride 
obtained by the reaction of the above-described biotinamine 
(Compound x) with hydrochloric acid and 36 pi (0.5 mmol) of 
acrylic acid. The resulting solution was maintained at 
O^'C^ followed by stirring. To the reaction mixture was 
added dropwise 165 pi (0.6 mmol)- of diphenylphosphoryl 
azide (DPPA) and the mixture was maintained at O^'C. A 
solution obtained by dissolving 208 pi (1.5 mmol) of 
triethylamine in 1 ml of DMF was added dropwise and the 
mixture was stirred at 0°C for 2 to 4 hours. 

The reaction mixture was allowed to stand at room 
temperature and the reaction was continued overnight. 
After completion of the reaction, DMF was distilled off and 
the residue was extracted with chloroform. The chloroform 
layer was then washed with IN hydrochloric acid, NaHCOs and 
water. The solvent was then removed. The residue was 
dissolved in a THF-n-hexane solvent mixture, whereby 40 mg 
of biotinamine acrylamide (Compound F) (yield: 25%) was 
obtained as a precipitate. 

The results of NMR analysis and mass spectrometry (MS) 
clearly indicated the existence of the target compound F. 



NMR (in DMSO) CONHrlH, s, 5 1.9, HI, H2, H3:3H, multi, 6 
7.5-6.9, NH, NH:1H, s, 5 6.4, 6 6.3, 6a:lH, multi, 6 4.3, 
3a:lH, multi, 6 4.1, CONHCH2, H4:3H, multi, 5 3.5-3.0, 
6a:lH, quart, 6 2.8, 6p:lH, d, 5 2.5, CHsiSH, 5 1-1.6. 
MS mass=284 

EXAMPLE 7 

Synthesis of biotinamine methacrylamide (Compound G ) 

In 5 ml of DMF (solvent) were dissolved 100 mg (0.38 
mmol) of biotinamine hydrochloride and 38 \il (0.43 mmol) of 
methacrylic acid. The resulting solution was kept at O^C, 
follov/ed by stirring. To the reaction mixture was added 
dropwise 130 pi (0.5 mmol) of DPPA and the mixture was kept 
at O^'C. A solution obtained by dissolving 156 pi (1.1 
mmol) of triethylamine in 1 ml of DMF was added dropwise 
and the mixture was stirred for 2 to 4 hours at 0°C. The 
reaction mixture was allowed to stand at room temperature 
and the reaction was continued overnight. After completion 
of the reaction, DMF was distilled off under reduced 
pressure. The residue was dissolved in chloroform. The 
chloroform layer was washed with IN hydrochloric acid, 
NaHCOa and water. The solvent was then removed. The 
residue was dissolved in a THF-n-hexane solvent mixture, 
whereby 4 0 mg of biotinamine methacrylamide (Compound G) 
was obtained as a precipitate (yield: 35%) . 
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Results of NMR analysis and mass spectrometry (MS) 
clearly indicated the existence of the target compound G. 
C0NH:1H, s, 5 7,9, HI, H2, H3:3H, multi, 5 7.5-6.9, NH, 
NH:1H, s, 6 6.4, 8 6.3, 6a:lH, multi, 5 4.3, 3a:lH, multi, 
5 4.1, CONHCH2, H4:3H, multi, 8 3.5-3.0, 6a: IH, quart, 8 
2.8, 6p:lH, D, 8 2.5, CH2:6H, 8 1-1.6. 
MS mass=299 



EXAMPLE 8 

Synthesis of norbiotinamine acrylamide (Compound H) 

In 3 ml of dimethylf ormamide (DMF; solvent) were 
dissolved 125 mg (0.5 mmol) of norbiotinamine hydrochloride 
(product of Merck & Co., Inc.) and 36 pi of acrylic acid. 
The resulting solution was kept at 0°C and stirred. To the 
reaction mixture was added dropwise 165 \il (0.6 mmol) of 
diphenylphosphoryl azide (DPPA) and the mixture was kept at 
0°C. A solution obtained by dissolving 208 \il (1.5 mmol) 
of triethylamine in 1 ml of DMF was added dropwise and the 
mixture was stirred at 0°C for 2 to 4 hours. 

The reaction mixture was kept at room temperature and 
reacted overnight. After completion of the reaction, DMF 
was distilled off. The residue was extracted with 
chloroform. The chloroform layer was then washed with IN 
hydrochloric acid, NaHCOa and water, followed by removal of 
the solvent. The residue was dissolved in a THF-n-hexane 
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solvent mixture, whereby 30 mg of norbiotinamine acrylamide 
(Compound H) was obtained as a precipitate (yield: 20%) . 

The results of NMR analysis clearly indicated the 
existence of the target compound H (in DMSO) • 
NMR (in DMSO) C0NH:1H, s, 5 7.8, NH, NH:1H, s, 5 6.. 4, 6 
6.3, HI, H2:1H, s, 5 5.6, 6 5.3, 6a:lH, multi, 5 4.3, 
3a:lH, multi, 5 4,1, CONHCH2, H4:3H, multi, 6 3.5-3.0, 
6a:lH, quart, 5 2.8, 6P:1H, d, 6 2.5, CH3:3H, 5 1.8, CH2:8H, 
5 1-1.6. 

^ EXAMPLE 9 

I J I Synthesis of norbiotinamine methacrylamide (Compound J) 

In 3 ml of DMF (solvent) were dissolved 94 mg (0.38 
'y. mmol) of norbiotinamine hydrochloride and 38 ^1 (0.43 mmol) 

m 

of methacrylic acid. The resulting solution was k€ipt at 
O^'C and stirred. DPPA (130 jal, 0.5 mmol) was then added 
dropwise to the reaction mixture and the temperature was 
kept at O^'C. A solution obtained by dissolving 156 (1.1 
mmol) of triethylamine in 1 ml of DMF was added dropwise 
further and the mixture was stirred for 2 to 4 hours at 
O'^C. The reaction mixture was kept at room temperature and 
reacted overnight. After completion of the reaction, DMF 
was removed. The residue was extracted with chloroform. 
The chloroform layer was washed with IN hydrochloric acid, 
NaHCOs and water, followed by removal of the solvent. The 
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residue was dissolved in a THF-n-hexane solvent mixture, 
whereby 30 mg of norbiotinamine methacrylamide (Compound J) 
was obtained as a precipitate (yield: 30%) , 

The results of NMR analysis clearly indicated the 
existence of the target compound J (in DMSO) . 
C0NH:1H, s, 5 7.8, NH, NH:2H, d, 5 6.4, HI, H2:1H, s, 5 
5.6, 5 5.3, 6a:lH, multi, 5 4.3, 3a:lH, multi, 5 4,1, 
CONHCH2, H4:3H, multi, 6 3.5-3.0, 6a:lH, quart, 6 2.8, 
6p:lH, d, 6 2.5, CH3:3H, 5 1.8, CH2:6H, 8 1-1.6. 

EXAMPLE 10 

Synthesis of biotinolmethacroyl carbamate (Compound K) 

In 20 ml of methylene chloride was dissolved 266 mg of 
methacroyl isocyanate (Compound vii) . The solution was 
kept at 0°C. A methylene chloride solution containing 500 
mg of biotinol was then added dropwise in portions. The 
mixture was stirred for 1 hour and then at room temperature 
for 10 hours. 

After completion of the reaction, 30 ml of a saturated 
aqueous solution of sodium bicarbonate was added, followed 
by extraction with chloroform. From the chloroform layer, 
the solvent was distilled off under reduced pressure. The 
residue was subjected to chromatography on a silica gel 
column. The crude target compound thus obtained was 
recrystallized from isopropanol, whereby 120 mg of 



biotinolmethacroyl carbonate (Compound K) was obtained 
(yield: 16%) . 

The results of NMR analysis clearly indicated the 
existence of the target compound K. 

CONHCOrlH, s, 6 8.4-8.5, NH:1H, s, 5 6.2, H2, H3:1H, s, 5 
5.8, 5 5.6, NH:1H, s, 5 5.5, 6a:lH, multi, 8 4.5, 3a:lH, 
multi, 6 4.3, OCH2:2H, tri, 6 4.2, 4H:1H, multi, 5 3.2, 
6a:lH, quart, 5 2.9, 6P:1H, d, 5 2.7, CH3:3H, s, 8 1.9, 
CH2:8H, 8 1.2-1.7. 

Protons of the above-described NMR data are indicated 



as follows: 




^ Biotinol acrylate 

S H^) ^''''^^N:^^ Biotinamine acrylamide 

Norbiotinamine acrylamide 



o 

6a— ^^HN NH / ^ ^2 Biotinol methacrylate 




H3 Biotinamine methacrylamide 



4H Norbiotinamine methacrylamide 



(In the case of amide, an oxygen atom is replaced by NH) 



EXAMPLES 11 TO 15 
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Synthesis of acrylamide/biotinol acrylate copolymej rs 

Acrylamide (710 mg) , 142 mg of biotinol acrylate 
(Compound B) , 10 ml of dimethylsulf oxide and 8.5 mg of 
2, 2' -azobis (2, 4-dimethylvaleronitrile) were mixed, followed 
by deaeration in a nitrogen gas atmosphere • The 
temperature was increased gradually and at 45 ""C, the 
reaction was effected for 2 to 3 hours under stirring. 
Finally, the temperature was increased to approximately 
eS'^C, whereby the reaction was completed. Several ml of a 
solvent (dimethylsulf oxide) was -added to the reaction 
system. Addition of the resulting mixture to ethanol 
caused precipitation (yield: at least 95%) . After drying 
the precipitate, it was dissolved in water, followed by 
dialysis. By removal of water, purification of the polymer 
was completed. 

The results of polymers obtained by polymerizing the 
acrylamide and biotinol acrylate charged at varied ratios 
(molar ratios) in the presence of either one of two 
initiators (use of azobisisobutyronitrile instead of the 
above-described initiator, 2, 2' -azobis (2, 4- 

dimethylvaleronitrile. They are different in the reaction 
temperature and molecular weight) are shown in Table-2. 



Table-2: Temperature of measurement solution exhibiting 50% of transmittance with varied charging ratio 
(molar ratio) of acrylamide and biotinol acrylate to obtain copolymer 



When 2,2'-azobis(2,4-dimethylvaleronitrile) is 
used as an initiator 


When azoisobutyronitrile is used as an initiator 




Charged 

ratio 
AAm:BA 


Transmittance 
Temperature of 
50% solution 


Weight- 
average 
molecular 
weight 




Charged 

ratio 
AAm:BA 


Transmittance 
Temperature of 
50% solution 
(X) 


Weight- 
average 
molecular 
weight 


Ex. 
11 


30:1 


2 

(water) 


2 

(physio- 
logical 
saline) 


140,000 


Ex. 
14 


20:1 


12 
(water) 


-5 
(physio 
-logical 
saline) 


32,000 


Ex. 
12 


20:1 


18 
(water) 


15 
(physio- 
logical 
saline) 


89,000 


Ex. 
15 


10:1 


45 
(water) 


50 
(physio 
-logical 
saline) 


18,000 


Ex. 

13 


15:1 


37 
(water) 


28 
(physio- 
logical 
saline) 


98,000 













Molecular weight was measured using "G4000PW" of TOSO. 
Physiological saline: Transmittance was measured in physiological saline. 
Water: Transmittance was measured in distilled water. 
Charged ratio: molar ratio 

Polymerization temperature was 45 to 65°C in the presence of 2,2'-azobis(2,4- 
dimethylvaleronitrile). 

Polymerization temperature was 80*'C in the presence of azobisisobutyronitrile. 

Concentration of the solution used for measuring transmittance in Example 11 or 12: 6 mg/ml 
Concentration of the solution used for measuring transmittance in water in Example 13: 10 mg/ml 
Concentration of the solution used for measuring transmittance in physiological saline in Example 
13: 6 mg/ml 

Concentration of the solution used for measuring transmittance in Example 14: 22.4 mg/ml 
Concentration of the solution used for measuring transmittance in Example 15: 6 mg/ml 
AAm: acrylamide BA: biotinol acrylate 



The NMR data (in DMSG) of the acrylamide/biot:Lnolate 
copolymer (charged molar ratio 20:1) are shown below. 
Four peaks: 6 7.5-6.5, s: 5 6.4, s: 6 4.3, s: 5 4.1, s: 5 
3.1, broad: 5 2,8, broad: 6 2.1, broad: 6 1.5-1.3. 

The peaks were similar to the below ones in spite of a 



change in the charged ratio (molar ratio) . The homopolymer 
of bitionol acrylate exhibited peaks at similar sites to 
the copolymer except about one peak at 5 7.5 to 6.5. 

The upper critical solution temperature (UCST) of the 
acrylamide/biotinol acrylate copolymer (charged molar ratio 
20:1) is illustrated in FIGS. 1 to 3. 

FIG. 1 illustrates a relationship between temperature 
and transmittance upon heating and upon cooling, wherein 
^ UCST (copolymer concentration: 10 mg/ml) of the 

□ acrylamide/biotinol acrylate copolymer (charged molar ratio 

m 20:1) in water is indicated. 

hd FIQ, 2 illustrates variations of transmittance (upon 

- cooling) of a copolymer which has recognized avidin in 

^ physiological saline, wherein variations in avidin 

m 

ifl recognition capacity of an acrylamide/biotinol acrylate 

m copolymer (charged ratio: 20) in physiological saline 

(copolymer concentration: 6 mg/ml) and UCST are indicated 
(only transmittance upon cooling) , 

FIG. 3 illustrates variations of LCST (upon cooling) 
of an N-isopropyl acrylamide/biotinol acrylate copolymer by 
the addition of avidin. This diagram suggests that 
addition of avidin to an aqueous solution containing the 
copolymer decreases a change in its transmittance and 
heightens the solubility of the copolymer. 

It has thus been found that a copolymer containing the 
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biotin monomer of the invention as a copolymer component 
has characteristics as a temperature stimuli-sensitive 
material . 

EXAMPLE 16 

Synthesis of biotin immobilized poly (N-isopropyl 
acrylamide) 

In a 300-ml flask were charged 0.488 g of N-isopropyl 
acrylamide, 0.159 g of N-methacroyl-N' -biotinyl 
propylenediamine and 94 ml of distilled water • The 
resulting mixture was stirred thoroughly at room 
temperature. To the reaction mixture was added 0.1 g of 
potassium persulfate, followed by stirring at room 
temperature for 6 hours. The reaction mixture was dialyzed 
for 24 hours, whereby a biotinylated poly (N-isopropyl 
acrylamide) solution having LCST was obtained. As a result 
of measurement, the resulting solution had a lower critical 
solution temperature (LCST) of 31 °C. This LCST hardly 
changed even in physiological saline or a 100 mM phosphate 
buffer (pH 7,0). The polymer heated to the LCST or greater 
showed markedly high aggregation capacity and precipitated 
at the bottom. The polymer was collected by decantation. 

The LCST was determined from transmittance of a 
visible light. 



EXAMPLE 17 

Separation of avidin from the aqueous solution 

^ — - 

After 50 ]il of the aqueous poly (N-isopropyl 
acrylamide) solution obtained in Example 16, 50 pi of a 
1.0% avidin solution, 100 ]il of a 1 . OM sodium phosphate 
buffer (pH 7.0) and 800 pi of distilled water were mixed 
thoroughly in a test tube, the test tube was placed in ice 
water to adjust the temperature of the solution to LCST or 
_ less. The aggregate was collected by decantation. After 

g modification of 100 ]il of the supernatant by SDS, 

g disappearance of the band corresponding to avidin from the 

iTJ supernatant was confirmed by SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE) . 

2 EXAMPLE 18 

Specific separation of avidin from egg white 

After 50 pi of the aqueous poly (N-isopropyl 
acrylamide) solution obtained in Example 16 and having 
LCST, 50 pi of a 1.0% avidin solution, 100 pi of a l.OM 
sodium phosphate buffer (pH 7.0), 450 pi of distilled water 
and 400 pi of a 2.5% egg white solution were mixed 
thoroughly in a test tube, the test tube was placed in ice 
water to adjust the temperature of the solution to LCST or 
greater. The aggregate was collected by decantation. 
After modification of 100 pi of the supernatant by SDS, 
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disappearance of the band corresponding to avidin from the 
supernatant was confirmed by SDS-PAGE. 

EXAMPLE 19 

Immobilization of avidinated enzyme to biotin-immo bilized 
poly (N"isopropyl acrylamide) 

The aqueous poly (N-isopropyl acrylamide) solution 
obtained in Example 16 (100 lal) , 1000 pi of a commercially 
available avidinated peroxidase solution (1 mg/ml) , 100 pi 
of a l.OM sodium phosphate buff-er (pH 7.0) and 700 pi of 
distilled water were mixed thoroughly. The resulting 
solution was cooled and the aggregate was collected by 
decantation. After removal of 1900 pi of the supernatant, 
1900 pi of a O.IM phosphate buffer (pH 7.0) was added, 
whereby an aqueous poly (N-isopropyl acrylamide) solution 
having avidinated peroxidase immobilized thereto and 
exhibiting LCST was prepared. This solution exhibited 
solubility at temperatures not greater than LCST and 
aggregation at LCST or greater. The temperature of the 
solution was changed using a thermostat and operations such 
as dissolution, aggregation and collection by decantation 
were conducted. The peroxidase activity of each of the 
supernatants was measured by the peroxidase activity 
measuring method described below. Every time after 
collection by decantation, 1900 pi of the supernatant was 



removed and 1900 pi of a 0 . IM phosphate buffer (pH 7.0) was 
added instead. 

(Peroxidase activity measuring method) 

In the cell of an absorptiometer, 100 ]il of 100 mM 
hydrogen peroxide, 50 mM phenol, 100 pi of 50 mM 4- 
aminoantipyrine, 100 pi of a l.OM sodium phosphate buffer 

(pH 7.0) and 580 pi of distilled water were mixed in 
advance. To the resulting mixture was added 20 pi of a 
sample. After thorough mixing again, the resulting product 
was measured by an increase in the absorption at 500 nm. 
The above-described reaction was conducted at 30 °C. 

The measurement results of enzymatic activity of the 
supernatants after aggregating and dissolving operations 
were repeated by the above-described method are shown below 
in Table-3. The enzymatic activity was expressed by a 
specific activity relative to the activity upon first 
dissolution taken as ICQ. 



Table-3 



Repetition 
(times) 


Peroxidase activity (%) of 
aq. soln. of poly(N- 
isopropyl acrylamide) 


Peroxidase activity (%) of the supernatant of 
poly{N-isopropyl acrylamide) after 
aggregation and collection 


1 


100 


8 


2 


99 


4 


3 


99 


3 


5 


98 


3 


10 


100 


2 


20 


102 


0 



These results suggest that the avidinated peroxidase 
immobilized to poly (N-isopropyl acrylamide) repeated 
dissolution and aggregation together with the poly(N- 
isopropyl acrylamide) and even by this repetition, did not 
lose its activity, 

EXAMPLE 20 

Immobilization of a biotinylated enzyme to avidinated 
poly (N-isopropyl acrylamide) 

An avidinated poly (N-isopropyl acrylamide) whose 
avidin had three free biotin binding sites was obtained as 
described below. After addition of 500 pi of a 1,0% of an 
avidin solution, 100 pi of a l.OM sodium phosphate buffer 
(pH 7.0) and 350 pi of distilled water to 50 pi of the 
aqueous poly (N-isopropyl acrylamide) solution obtained in 
Example 1 and thorough mixing in a test tube, the test tube 
was placed in a thermostat of AO^'C to adjust the 
temperature of the solution to LCST or greater. The 
aggregate was collected by decantation, whereby the 
avidinated poly (N-isopropyl acrylamide) whose biotin 
binding sites other than that bonded to the polymer were 
free was obtained. The resulting aqueous poly (N-isopropyl 
acrylamide) solution (100 pi), 1000 pi of a commercially 
available biotinylated peroxidase solution (1 mg/ml) , 100 
pi of a l.OM sodium phosphate buffer (pH 7.0) and 700 pi of 



distilled water were mixed thoroughly. The resulting 
solution was cooled and from it, the aggregate was 
collected by decantation. After removal of 1900 p.l of the 
supernatant, 1900 pi of a O.IM phosphate buffer (pH 7,0) 
was added instead, whereby avidinated poly (N-isopropyl 
acrylamide) having biotinylated peroxidase immobilized 
thereto was prepared. As in Example 19, dissolution, 
aggregation and collection were repeated using this poly(N- 
isopropyl acrylamide) . Measurement results of the 
enzymatic activity of each of the supernatants are shown 
below in Table-4 . The enzymatic activity was expressed by 
a specific activity based on the activity upon first 
dissolution taken as 100. 



Table~4 



Repetition 


Peroxidase activity (%) of 


Peroxidase activity (%) of the supernatant of 


(times) 


aq. soln, of poly(N- 


poly(N-isopropyl acrylamide) after 




isopropyl acrylamide) 


aggregation and collection 


1 


100 


1 


2 


101 


1 


3 


100 


1 


5 


98 


0 


10 


97 


0 


20 


95 


0 



These results suggest that the biotinylated peroxidase 
bonded to poly (N-isopropyl acrylamide) having avidin 
immobilized thereto repeated dissolution and aggregation 
together with poly (N-isopropyl acrylamide), and even by 
this repetition, did not lose its activity. 



EXAMPLE 21 

Immobilization of a molecular chaperone to poly (N-isopropyl 
acrylamide) 

Commercially available biotinylated Heat Shock Protein 
"HSP70" was mixed thoroughly with a 100 mM sodium phosphate 
buffer (pH 7.0). After modification of a 5 yl portion of 
the resulting mixture, the band of HSP70 was confirmed by 
SDS-PAGE. To the mixture was added 50 ]il of the aqueous 
solution, obtained in Example 20, of avidinated poly(N- 
isopropyl acrylamide) whose biotdn binding sites other than 
that with the polymer were free. After thorough mixing, 
the solution was heated as in Example 17 to aggregate the 
present compound. The compound was collected by 
decantation and HSP70 of the supernatant was confirmed by 
SDS-PAGE. As a result, HSP70 was not observed from the 
supernatant, which suggests its binding to the avidin 
immobilized to the poly (N-isopropyl acrylamide). 

EXAMPLE 22 

Separation and concentration method of microorganisms 
A commercially available biotinylated Salmonella 
antibody was immobilized to poly (N-isopropyl acrylamide) as 
in Example 19. The immobilization was confirmed by SDS- 
PAGE. To 20 ml of a bacterial suspension adjusted to 
contain 1 cell/ml of the Salmonella bacteria was added 1 ml 



of the resulting aqueous poly (N-isopropyl acrylamide) 
solution. After thorough stirring, the solution was heated 
as in Example 16 to aggregate poly (N-isopropyl acrylamide). 
The aggregate was collected by decantation and the 
supernatant was removed, whereby 1 ml of a solution was 
obtained. The resulting solution sterilized in advance was 
added to 20 ml of a Brain Heart Infusion agar medium which 
had been incubated in advance at 50 ''C. After prompt 
mixing, the mixture was spread on a Petri dish and was 
allowed to cool down until the agar solidified. At 37 °C, 
incubation was conducted for 48 hours. The results of the 
colony count after 48 hours are shown below in Table-5, 
The above-described operations were all carried out in a 
clean bench. As a control, the vial count in 1 ml of the 
bacterial suspension which had been adjusted first was 
measured similarly without addition of poly (N-isopropyl 
acrylamide) . 



Table-5 





Control 


Use of poly (N-isopropyl 
acrylamide) 


Colony 
count 


1 


21 



From these results, it was apparent that the 
Salmonella bacteria were concentrated by the addition of 
the poly (N-isopropyl acrylamide) of the invention. 

EXAMPLE 23 
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Immobilization of nucleic acid to poly (N-isopropyl 
acrylamide) 

To 500 pi (50 to 1000 bp) of commercially available 
biotin-labeled DNA fragments were added 450 ]il of distilled 
water and 50 \il of the aqueous solution, which had been 
prepared in Example 20, of the avidinated poly (N-isopropyl 
acrylamide) whose biotin binding sites other than that with 
the polymer were free. After thorough mixing, the solution 
was heated as in Example 17 to aggregate poly (N-isopropyl 
acrylamide) , The aggregate was -collected by decantation. 
The agarose gel electrophoresis of the DNA fragments in the 
supernatant suggested that any one of the DNA fragments was 
bonded to poly (N-isopropyl acrylamide). A similar test was 
conducted for RNA and binding to poly (N-isopropyl 
acrylamide) was confirmed. 

INDUSTRIAL APPLICABILITY 

The polymerizable biotin derivatives (biotin monomers) 
of the invention have high polymerizability so that use of 
these monomers facilitates preparation of biotin-component- 
containing polymer derivatives usable in a variety of 
fields . 

In particular, copolymerization of the monomer with 
another monomer makes it possible to synthesize or design a 
polymer equipped with functions of both monomers. By 



selecting a proper copolymer component or additive while 
making use of the effectiveness of the biotin component 
resulting from the biotin-avidin affinity, it is possible 
to synthesize or design various polyf unctional or 
multifunctional polymers having widespread utility. 

For example, a copolymer of a biotin monomer and 
acrylamide or methacrylamide has UCST in each of an aqueous 
solution and physiological saline so that it serves as an 
attractive stimuli-sensitive material. A copolymer of a 
p biotin monomer and a high-molecular weight monomer 

^ exhibiting LCST has markedly high aggregation force at LCST 

m 

:y or greater so that reaction is conducted in a uniform 

^ system in an aqueous solution and after completion of the 

W reaction, the ligand immobilized polymer aggregated by 

^ heating can be collected readily by filtration. 

s 

IV Use of these thermo-responsive polymers of the 

invention makes it possible to obtain excellent separating 
agents, test agents, immobilized enzymes and renaturing 
agents for denatured proteins. 

The polymerizable biotin derivatives of the invention 
are monomers useful as a high molecular material having a 
biofunction and they can be used widely for immunoassay, 
biosensor, DNA operation, separating material and clinical 
therapy. This owes to that biotin itself is a 
biof unctional material capable of recognizing not only the 
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molecule of avidin but also many antibodies and collagen. 
For example, the sandwich structure having avidin inserted 
thereto can be applied to various fields. 

The polymer compound obtained using the polymerizable 
biotin of the invention can be produced industrially so 
that it is excellent in economy and efficiency. 



CLAIMS 



ni 



ri 
iU 



1. A polymerizable biotin derivative represented by 
the following formula (I) : 




Y U 




(I) 



in formula (I), represents a hydrogen atom or an 
alkyl group; and R^ each independently represents a 
hydrogen atom, an alkyl group or an aryl group; 
T represents an oxygen atom or =NH; 
^ W represents a single bond, a carbonyl group, a 

thiocarbonyl group or a C1-5 alkylene group; U represents a 
single bond or -NH-; X represents a single bond, a Ci-s 
hydrocarbon bond, an oxygen atom or --NH-; Y represents a 
single bond, a carbonyl group, a thiocarbonyl group, -NH-, 
a 1, 2-dioxyethylene group or a 1, 2-diaminoethylene group; Z 
represents a single bond, a carbonyl group, a thiocarbonyl 
group, a C1-5 alkylene group, an oxygen atom or ~NH-; and V 
represents a single bond or a C1-5 alkylene group. 

2, A polymerizable biotin derivative represented by 
any one of the following formulas (la) to (Ic) : 
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0 




X 




(la) 



T 

ii 

HN^NH 



H 




H 




HN 



T 



NH 



H 




H 



O 



O 




:ib) 



(Ic) 



H 



in formulas (la) to (Ic), represents a single bond 
or a Ci-4 alkylene group and represents a C2-3 alkylene 
group; 

represents an oxygen or sulfur atom and to X^ 
each independently represents an oxygen atom or -NH-; and 
T, R^, R-^ and R^ each has the same meaning as defined 
in formula (I) . 



3, A process for preparing a biotin-component- 
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containing polymer compound, which comprises polymerizing a 
polymerizable biotin derivative of formula (I) according to 
Claim 1 or copolymerizing the derivative with another 
copolymer component . 

4 . A biotin-component-containing polymer compound, 
which comprises a polymerizable biotin derivative of 
formula (I) according to Claim 1 as a polymer component or 
a copolymer component, 

5. A polymer compound which exhibits UCST (upper 
critical solution temperature) in an aqueous solution, the 
polymer compound comprising a polymerizable biotin 
derivative of formula (I) according to Claim 1 and 
acrylamide or methacrylamide as a copolymer component- 

6, A polymer compound which exhibits LCST (lower 
critical solution temperature) in an aqueous solution, the 
polymer compound comprising a polymerizable biotin 
derivative of formula (I) according to Claim 1 and a high- 
molecular weight monomer component exhibiting LCST in an 
aqueous solution as copolymer component. 

7 , The polymer compound according to any one of 
Claims 4 to 6, further comprising a hydrophilic or 
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m 

w 

s 
u 



hydrophobic monomer as another copolymer component- 

8. The polymer compound according to any one of 
claims 4 to 7, wherein a biotinated antibody is immobilized 
through an avidin immobilized antibody or a binding site of 
the avidin - 

9. A separating agent comprising a polymer compound 
of Claim 8. 

10. An agent for testing microorganism through 

separation or concentration of the microorganism using a 
polymer compound of Claim 8. 

11. An immobilized enzyme comprising a polymer 
compound of Claim 8, 

12. A polymer derivative of any one of Claims 4 to 7, 
wherein an avidin immobilized heat shock protein or a 
biotinated heat shock protein is immobilized through the 
binding site of avidin. 
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ABSTRACT 

The present invention is to prepare a novel 
polymerizable biotin derivative represented by formula (I) 
shown below and make it possible to synthesize or design a 
polyf unctional or multifunctional polymer using the 
derivative . 

T 



HN NH 

H»4 -f-H - (I) 





Z X 

7"' In formula (I), represents a hydrogen atom or an alkyl 

2 group, and R"^ each independently represents a hydrogen 

atom, an alkyl group or an aryl group, T represents an 
pj oxygen atom or =NH, W represents a single bond, a carbonyl 

group, a thiocarbonyl group or a C1-5 alkylene group, U 
represents a single bond or -NH-, X represents a single 
bond, a Ci-e hydrocarbon bond, an oxygen atom or -NH-, Y 
represents a single bond, a carbonyl group, a thiocarbonyl 
group, -NH~, a 1, 2-dioxyethylene group or a 1,2- 
diaminoethylene group, Z represents a single bond, a 
carbonyl group, a thiocarbonyl group, a C1-5 alkylene group, 
an oxygen atom or -NH-, and V represents a single bond or a 
Ci-5 alkylene group. 
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Direct Telephone Calls to: 

WENDEROTH, LIND & PONACK, L.L.P, 

Area Code (202) 721-8200 

Direct Facsimile Messages to: 
Area Code (202) 721-8250 



} 



Full Name of 
First Inventor 



I'ljlesidence & 
^tizenship 



FAMILY NAME 

QHNISHI, 



FIRST GIVEN NAME 

Norivuki 



SECOND GIVEN NAME 



cnr 



STATE OR COUNTRY 



COUNTRY OF CITIZENSHIP 



Kana gawa 



Japan Japan 



^st Office 
^dress 



ADDRESS CITY STATE OR COUNTRY ZIP CODE 

.:/o CHISSO CORPORATION, YOKOHAMA RESEARCH CENTER, 
5-1, Okawa^ Kanazawa-ku^ Yokohama-shi , Kanagawa 236-8605 Japan 



( 



jFiill Name of 
ISlcond Inventor 



FAMILY NAME 

YOSHIPA 



FIRST GIVEN NAME 

Mikiko 



SECOND GIVEN NAME 



Residence & 
jl^tizenship 



CITY 

Ibaraki 



STATE OR COUNTRY 

Japan ZTf^ 



COUNTRY OF CmZENSHIP 

Japan 



^st Office 
^dress 



ADDRESS CITY STATE OR COUNTRY ZIP CODE 

10-18, Hanabatake 2-chome, Tsukuba-shi, Ibaraki 300-3261 Japan 



W^W Name of 
Sfeird Inventor 



FAMILY NAME 

^KATAOKA- 



FIRST GIVEN NAME 

Kazunori 



SECOND GIVEN NAME 



Residence & 
Citizenship 



STATE OR COUNTRY 



Japan "^^y^ 



COUNTRY OF CITIZENSHIP 

Japan 



Post Office 
Address 



ADDRESS CITY STATE OR COUNTRY ZIP CODE 

cTo GRADUATE SCHOOL OF ENGINEERING, THE UNIVERSITY OF TOKYO, 

3-1, Hongo 7-chome, Bunkyo-ku, Tokyo 113-0033 Japan 



Full Name of 
Fourth Inventor 



/ 
\ 



FAMILY NAME 

UENO 



FIRST GIVEN NAME 

Katsuhiko 



SECOND GIVEN NAME 



Residence & 
Citizenship 



CITY 

Ibaraki 



STATE OR COUNTRY 

Japan 



COUNTRY OF CITIZENSHIP 

Japan - 



Post Office 
Address 



ADDRESS CITY STATE OR COUNTRY 7AV CODE 

c/o TSUKUBA CENTER, NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL. SCIENCE 
AND TECHNOLOGY, 1-1, Higashi 1-chome, Tsukuba-shi, Ibaraki 305-8561 J aflan 
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Full Name of 
Fifth Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS 


CITY 


STATE OR COUNTRY ZIP CODE 






Full Name of 
Sixth Inventor 


FAMILY NAftlE 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CTTIZENSfflP 


Post Office 
Address 


ADDRESS 


CITY 


STATE OR COUNTRY ZIP CODE 






Full Name of 
Seventh Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CmZENSfflP 


S?ost Office 
Address 


ADDRESS 


CITY 


STATE OR COUNTRY ZIP CODE 





^JI further declare that ail statements made herein of my own knowledge are true, and that all statements on information and belief are 
bplved to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
p^j^shable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false 
sl^ments may jeopardize the validity of the ^plication or any patent issuing thereon. 

ifi^Inventor J/o^^wAo DJUm^AZ Date 

2£lnventor ^^^J^ ^^^^ 

3^ Inventor 



4®:Inventor 
5th Inventor 



6th Inventor . 
7th Inventor . 



January 25, 2002 



Date January 25^. 2002 
Date January 25,> 2002 



Date January 25, 2002 



Date 
Date 
Date 



The above application may be more particularly identified as follows: 

U.S. Application Serial No. Filing Date _ 

Applicant Reference Number Atty Docket No. 

Title of Invention 
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